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(57) ABSTRACT

Among other things, one or more techniques or systems for
facilitating access operations to a single port memory device
are provided. Multiple access operations to a single port
memory device, such as a 6 transistor bitcell array of an
SPSRAM, are performed during a single clock period of a
system clock. In an embodiment, a wrapper controller ini-
tiates a first access operation during a first clock period of the
system clock based upon a rising edge of the system clock.
Responsive to receiving an operation complete signal during
the first clock operation, the wrapper controller initiates a
second access operation to the single port memory device
during the first clock period. In this way, multi-port access
functionality is implemented, such as in a serial manner to
mitigate operation disturbs, for a single port memory device
that occupies a relatively smaller area than a multi-port
memory device for improved storage density.

20 Claims, 15 Drawing Sheets

202
304 SPSRAM
—L__ 302
FIRST |, 206
(Bl 212
e =) ADDRESS
SECOND WRAPPER AND
L PORT |*| ADDRESS CONTROL READWRITE CIRCUIT
NZgp | COMPONENT LAt DATA INJOUT LATCH
N
: |
314 — 1 e
. o
| |N£EGHNALSCLK | CLK-RST I
IGNAL(S) P —_—
308 _——T——sw—jl
DATA WRAPPER
WRAPPER CONTROLLER
310

MULTI-CLOCK GENERATOR

| FIRSTDATA || seEconp |,

:ml—_\_J___I

CLK |

I —

PORT | | DATA PORT |

320 322



U.S. Patent Jul. 7, 2015 Sheet 1 of 15 US 9,076,553 B2

RESPONSIVE TO IDENTIFYING RISING EDGE OF SYSTEM CLOCK SIGNAL 102
GENERATE FIRST INTERNAL CLOCK SIGNAL TO INITIATE FIRST ACCESS T
OPERATION DURING FIRST CLOCK PERIOD

RESPONSIVE TO IDENTIFYING FIRST OPERATION COMPLETE SIGNAL, 104
GENERATE SECOND INTERNAL CLOCK SIGNAL TO INITIATE SECOND T
ACCESS OPERATION DURING FIRST CLOCK PERIOD

FIG. 1



U.S. Patent Jul. 7, 2015 Sheet 2 of 15 US 9,076,553 B2

202
[—

SPSRAM

206 208

3 i H
X- RS : \\i\}

ADDRESS
AND
CONTROL g
SIGNAL o
LATCHES

210 212
/_ v /_

READ/WRITE CIRCUIT
AND
DATA IN/OUT LATCH

Y-
DECODER

FIG. 2



U.S. Patent Jul. 7, 2015 Sheet 3 of 15 US 9,076,553 B2

300 W

/— 202
[— 304 SPSRAM
302
" RRST ya 206
| FRsT |, s
PORT |
L ——— 212
———— ADDRESS ya
| SECOND |_> WRAPPER AND
PORT | ADDRESS »| CONTROL READ/WRITE CIRCUIT
=<~ | coMPONENT SIGNAL AND
l 306 LATCHES DATA IN/OUT LATCH
. :
[ ]
314 . 318
r}_ —— | 1 T
| INTERNAL CLK | CLK-RST |
SIGNAL(S) L
308\ ___]’_—316_]1
' DATA WRAPPER
WRAPPER CONTROLLER
310 —\
MULTI-CLOCK GENERATOR I I
(FiRsT oaTA || szoons | ...
LCRT | | DATA PORT |
~
| CLK
L

FIG. 3A



U.S. Patent Jul. 7, 2015 Sheet 4 of 15 US 9,076,553 B2

L~ 202
SPSRAM
L 332 L 334
D Q
7y
340 342
o [_ 318 = l—(_
N s B [l .
| DATA WRAPPER :
| v
| L 336 :
|
| INPUT 338 OUTPUT |
| N\ |
| |
| |
| I
S I P I
| DA | | DB | | QA ! QB |
L — L -
344 346 348 U 350

FIG. 3B



U.S. Patent Jul. 7, 2015 Sheet 5 of 15 US 9,076,553 B2

202
A
SPSRAM
332 334
- -
D Q

—— = - IR
DATA WRAPPER |
336 338
7T\ /7
: INPUT OUTPUT :
| |
362 364 368 366
| £-25 Loms |
| / MUX ST 1 | S2 % DEMUX |
A A —_—— I [
: Concest 4§ i :
| 316 _ LATCH D LATCH |
Q
| 7 |
| 374 — 376 — |
| I
e e e e e e e e e e L —
"____l l'____l "_J__I I'_!__I
| DA | | DB | | QA | | QB |
344 . 346 348 . 350

FIG. 3C



U.S. Patent Jul. 7, 2015 Sheet 6 of 15 US 9,076,553 B2

202
a
SPSRAM
32 3
D Q
A
342
e 318 nyve
I e T S oL
| | DI L9
DATA WRAPPER
336 338
~ =
INPUT OUTPUT

:‘ |
C 1
;%}\
W
o
N
I_L
| ]
1 Q1
| I o
_ [ Y
B
l——

FCLK-RST |
VJ ,—370 T 372 o || Y LI
LATCH SLaren L =2 LATCH LATCH
D A D A 378 Q .
374 — 376 —
L —_— e e —_
TTAA | “An | "_""l "_!__l
L DA L DB 1 LQA | QB
344 346 348 L 350

FIG. 3D



U.S. Patent Jul. 7, 2015 Sheet 7 of 15 US 9,076,553 B2

2] “~»/(E‘m [ ou | X
414 1 Ny S :
Y ] = You I = Xow: |
| 416—" 418 | |
|

FIG. 4



U.S. Patent Jul. 7, 2015 Sheet 8 of 15 US 9,076,553 B2

522
:g: @ )(AfLA;;}\g\\\ XAAF,AI;;‘\)Z \““ XAA31IAB3 X
CEBA,CEBB \ N
c1s Q:XD]{LDM X\\ ‘.“\ Xl)A{Z,I)BZ \‘ '\\\ Xl)Af,l)HE! X
CO®X : / e O R G
: r !

FIG. 5



U.S. Patent Jul. 7, 2015 Sheet 9 of 15 US 9,076,553 B2

600 \‘

[+2]

o

N
[*2]
o
B

624
M -
606 —.__ = "
ADDR :XA/p AB]X X,\,\ ,ABé‘X .

612
WEBB\_\

614a\

616&\

\t

| [
|
LY
| \
LY
T N | 3
I |
! |
]

|

|

|

XAU,I\BS X
608 \ 0y T
TN CEBA2 ) v
CGE-:ESCEBB \ ililil / \E g2 }{“ \“
WEBA i ‘\ \ i i :
‘\\‘ |‘| / \‘ |

18 s .
DQ:XDALDM X / S XD42,DB2 X \\ /an DB3 X
O i~ i

|
|
622 | / ‘\‘
Cunmx I / \%
|
]

FIG. 6



U.S. Patent Jul. 7, 2015 Sheet 10 of 15 US 9,076,553 B2

700

312 —
314 —

316 _\\

OBz

FIG. 7



U.S. Patent

800

2
b
i
-4

At

ALDE R

Jul. 7, 2015

Sheet 11 of 15

riasasssassstataaasaas

US 9,076,553 B2

FIG. 8




U.S. Patent Jul. 7, 2015 Sheet 12 of 15 US 9,076,553 B2

Camtain AN Rl 81 3

FIG. 9



U.S. Patent Jul. 7, 2015 Sheet 13 of 15 US 9,076,553 B2

1000

FIG. 10



U.S. Patent Jul. 7, 2015 Sheet 14 of 15 US 9,076,553 B2

. t . ¢ 1 .
08 S Xy 3 D
: ‘ e :
i ' %
£ ftu] )
: ¥ ooes :
4 i
Q# Aol :

OF é ! : ¥ om2 !

FIG. 11



U.S. Patent Jul. 7, 2015 Sheet 15 of 15 US 9,076,553 B2

1200

FIG. 12



US 9,076,553 B2

1
SPSRAM WRAPPER

BACKGROUND

Memory devices comprise a vast number of bitcells within
which information is stored. In an example, a dual port bitcell
array comprises dual port bitcells that are individually con-
structed from 8 transistors. A dual port bitcell comprises two
ports that operate independently of one another, such that a
first port performs read/write operations independently of a
second port performing read/write operations. Because the
first port and the second port operate in parallel, operation
disturbs arise where a first operation on the first port, such as
a write operation, and a second operation on the second port,
such as a read operation, result in a collision that would
otherwise cause data inconsistencies if allowed. Because the
dual port bitcell comprises 8 transistors, the dual port bitcell
occupies a relatively large amount of area resulting in area
penalty for the memory device.

DESCRIPTION OF THE DRAWINGS

FIG.1is a flow diagram illustrating a method of facilitating
access operations to a single port memory device, according
to some embodiments.

FIG. 2 is an illustration of a single port memory device,
according to some embodiments.

FIG. 3A is anillustration of a system for facilitating access
operations to a single port memory device, according to some
embodiments.

FIG. 3B is an illustration of managing data input and data
output associated with a single port memory device, accord-
ing to some embodiments.

FIG. 3C is an illustration of managing data input and data
output associated with a single port memory device, accord-
ing to some embodiments.

FIG. 3D is an illustration of managing data input and data
output associated with a single port memory device, accord-
ing to some embodiments.

FIG. 4 is an illustration of a waveform of a first read
operation and a second read operation performed during a
first clock period of a system clock, according to some
embodiments.

FIG. 5 is an illustration of a waveform of a first write
operation and a second write operation performed during a
first clock period of a system clock, according to some
embodiments.

FIG. 6 is an illustration of a waveform of a first read
operation and a second write operation performed during a
first clock period of a system clock, and a first write operation
and a second read operation performed during a second clock
period of the system clock, according to some embodiments.

FIG. 7 is an illustration of a waveform of facilitating one or
more access operations without utilizing a latch, according to
some embodiments.

FIG. 8 is an illustration of a waveform of facilitating one or
more access operations with utilizing a latch, according to
some embodiments.

FIG. 9 is an illustration of a waveform of facilitating one or
more access operations without utilizing a latch, according to
some embodiments.

FIG. 10 is an illustration of a waveform of facilitating one
or more access operations with utilizing a latch, according to
some embodiments.

FIG. 11 is an illustration of a waveform of facilitating one
or more access operations without utilizing a latch, according
to some embodiments.
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FIG. 12 is an illustration of a waveform of facilitating one
or more access operations with utilizing a latch, according to
some embodiments.

DETAILED DESCRIPTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are gener-
ally used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide an understanding of the
claimed subject matter. It is evident, however, that the
claimed subject matter can be practiced without these specific
details. In other instances, structures and devices are illus-
trated in block diagram form in order to facilitate describing
the claimed subject matter.

One or more techniques or systems for facilitating access
operations to a single port memory device, such as a bitcell of
an SPSRAM, are provided. In an embodiment, a single port
memory device is constructed of a number of transistors, such
as a 6 transistor bitcell, that is less than a number of transistors
used to construct a dual port memory device, such as an 8
transistor bitcell. In this way, the single port memory device
occupies a relatively smaller area than the dual port memory
device. Thus, if single port memory devices are used within a
memory device, then the memory device has greater storage
density. As provided herein, a wrapper is configured to pro-
vide multi-port type access, such as dual port access, to the
single port memory device. Because an area of the wrapper
and the single port memory device is smaller than an area of
the dual port memory device, the memory device comprising
single port memory devices has greater storage density and
has the ability for multi-port type access to the single port
memory devices. Multiple access operations are performed
within a single clock period of a system clock in a serial
manner to mitigate operation disturbs that otherwise occur
from parallel operation of the multi-port memory device.

A method 100 of facilitating access operations to a single
port memory device is illustrated in FIG. 1. A memory device,
such as SRAM memory, comprises one or more single port
memory devices (SPSRAMs). An embodiment of a single
port memory device 202 is illustrated in FIG. 2. The single
port memory device 202 comprises a bitcell array 204, such as
a 6 transistor bitcell array. In an embodiment, the single port
memory device 202 comprises address and control signal
latches 206 configured to receive and latch port input data,
such as a port address, a chip enable signal, or a write enable
signal. In an embodiment, the single port memory device 202
comprises an x-decoder 208 and a y-decoder 210 configured
to identify a destination bitcell of an access operation based
upon the port address received by the address and control
signal latches 206. In an embodiment, the single port memory
device 202 comprises a read/write circuit and data in/out latch
212 configured to receive and store data that is to be written to
the bitcell array 204 or receive and store data that is being read
from the bitcell array 204. As provided herein, multiple
access operations are facilitated during a single clock period
of'a system clock.

At 102, a rising edge of a system clock signal is identified
during a first clock period of a system clock. Based upon
identifying the rising edge, a first internal clock signal is
generated to initiate a first access operation to the single port
memory device 202 during the first clock period. In an
embodiment, a wrapper address component comprises a first
port configured to receive at least one of a first chip enable
signal or a first write enable signal that are used to determine
whether to initiate the first access operation, such as a read



US 9,076,553 B2

3

operation or a write operation to a destination bitcell. In an
embodiment, a multi-clock generator of a wrapper controller
is configured to generate the first internal clock signal used to
invoke the wrapper address component to initiate the first
access operation. In an embodiment, a data wrapper is con-
figured to transmit first data associated with the first access
operation, such as data that is to be written to the single port
memory device 202 or data that is read from the single port
memory device 202. In an embodiment, the data wrapper
transmits the first data without latching the first data (e.g.,
FIG. 3C). In an embodiment, the data wrapper latches the first
data, and then transmits the first data to the single port
memory device 202 (e.g., FIG. 3D). In this way, the first
access operation to the single port memory device 202 is
performed during the first clock period of the system clock.

At 104, a first operation complete signal, such as a clock
reset signal, is identified from the single port memory device
202 during the first clock period of the system clock. In an
embodiment, the single port memory device 202 generates
the clock reset signal upon completion of the first access
operation, and thus the clock reset signal is identified as the
first operation complete signal. Based upon identifying the
first operation complete signal, a second internal clock signal
is generated to initiate a second access operation to the single
port memory device 202 during the first clock period of the
system clock. In an embodiment, the wrapper address com-
ponent comprises a second port configured to receive at least
one of a second chip enable signal or a second write enable
signal that are used to determine whether to initiate the second
access operation, such as a read operation or a write operation
to a destination bitcell. In an embodiment, the multi-clock
generator is configured to generate the second internal clock
signal used to invoke the wrapper address component to ini-
tiate the second access operation. In an embodiment, the data
wrapper is configured to transmit second data associated with
the second access operation, such as data that is to be written
to the single port memory device 202 or data that is read from
the single port memory device 202. In this way, the second
access operation to the single port memory device 202 is
performed during the first clock period of the system clock. In
an embodiment, the first access operation and the second
access operation are performed serially, as opposed to in
parallel, in order to mitigate operation disturb. In an embodi-
ment, a plurality of access operations are facilitated during
the first clock period of the system clock, such as a third
access operation or other access operations.

FIG. 3A illustrates a system 300 for facilitating access
operations to a single port memory device 202. The system
300 comprises at least one of a wrapper address component
302, a data wrapper 318, or a wrapper controller 308 com-
prising a multi-clock generator 310. The wrapper address
component 302 comprises one or more ports configured to
transmit port inputs, such as a first port 304 configured to
transmit a first port input and a second port 306 configured to
transmit a second port input. In an embodiment, the first data
port 304 is configured to receive or transmit the first port
input, such as a first port address, a first chip enable signal, or
a first write enable signal used to facilitate a first access
operation. In an embodiment, the second data port 306 is
configured to receive or transmit the second port input, such
as a second port address, a second chip enable signal, or a
second write enable signal used to facilitate a second access
operation. In an embodiment, first data and the second data
received by the wrapper address component 302 are used to
determine whether to facilitate one or more access operations
to the single port memory device 202.
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The wrapper controller 308 is configured to evaluate a
system clock signal 312 of a system clock. In an embodiment,
the wrapper controller 308 initiates a first access operation
from the first port 304 of the wrapper address component 302
to the single port memory device 202, such as to the address
and control signal latches 206, during a first clock period of
the system clock signal 312. In an embodiment, the first port
address, specified by the first port input, is evaluated to iden-
tify a destination bitcell of the first access operation. The first
chip enable signal and the first write enable signal, specified
by the first port input, are evaluated to identify whether the
first access operation is a read operation or a write operation.
In an embodiment, the multi-clock generator 310 is config-
ured to generate a first internal clock signal, such as internal
clock signals 314 sent to the address and control signal latches
206, to initiate the first access operation during the first clock
period of the system clock signal 312 based upon a rising edge
of'a system clock signal. The data wrapper 318 comprises a
first data port 320 configured to transmit first data associated
with the first access operation, such as data read from or
written to the single port memory device 202 through the
read/write circuit and data in/out latch 212. In this way, the
first access operation is performed during the first clock
period of the system clock signal 312.

The wrapper controller 308 is configured to receive a first
operation complete signal, such as a clock reset signal 316,
from the single port memory device 202. Responsive to iden-
tifying the first operation complete signal, the wrapper con-
troller 308 is configured to initiate a second access operation
from the second port 306 to the single port memory device
202, such as to the address and control signal latches 206,
during the first clock period of the system clock signal 312. In
an embodiment, the second port address, specified by the
second port input, is evaluated to identify a destination bitcell
of'the second access operation. The second chip enable signal
and the second write enable signal, specified by the second
port input, are evaluated to identify whether the second access
operation is a read operation or a write operation. In an
embodiment, the multi-clock generator 310 is configured to
generate a second internal clock signal, such as internal clock
signals 314 sent to the address and control signal latches 206,
based upon the clock reset signal 316. The second internal
clock signal initiates the second access operation during the
first clock period of the system clock signal 312. The data
wrapper 318 comprises a second data port 322 configured to
transmit second data associated with the second access opera-
tion, such as data read from or written to the single port
memory device 202 through the read/write circuit and data
in/out latch 212. In this way, the second access operation is
performed during the first clock period of the system clock
signal 312.

Inan embodiment, the first access operation and the second
access operation are performed serially, as opposed to in
parallel, to mitigate operation disturb. In this way, a first read
operation followed by a second read operation, a first read
operation followed by a first write operation, a first write
operation followed by a first read operation, a first write
operation followed by a second write operation, or other
combinations of read and write operations are capable of
being performed during a single clock period of the system
clock signal 312. In an embodiment, any number of access
operations are performed during a single clock period of the
system clock signal 312.

FIG. 3B illustrates a data wrapper 318 managing data input
336 and data output 338 associated with the single port
memory device 202. The single port memory device 202
comprises a data input port (D) 332 and a data output port (Q)
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334. In an embodiment of transmitting data to the single port
memory device 202, the data wrapper 318 is configured to
transmit a data input signal (D1) 340 to the data input port (D)
332 based upon a first data input (DA) 344 or a second data
input port (DB) 346. In this way, data from the first data input
(DA) 344 or the data input (DB) 346 is provided as the data
input signal (D1) 340 to the data input port (D) 332 of the
single port memory device 202, such as during one or more
access operations during a single clock period of a system
clock for the single port memory device 202. In an embodi-
ment, the data wrapper 318 utilizes a multiplexer (MUX) 362,
but not a data latch, for managing the data input 336, as
illustrated in FIG. 3C. The MUX 362 selects the first data
input (DA) 344 or the second data input (DB) 346 based upon
a select signal (S1) 364 from the wrapper controller 308. In
this way, the data wrapper 318 manages input into the single
port memory device 202 utilizing the MUX 362 without
latching data, according to some embodiments. It is appreci-
ated that waveform 700, waveform 900, and waveform 1100
illustrate data access operations performed without utilizing a
latch. In an embodiment, the data wrapper 318 utilizes the
MUX 362 and one or more latches, such as data latch 370 and
data latch 372, for managing the data input 336, as illustrated
in FIG. 3D. The data latch 370 is configured to latch the first
data input (DA) 344. The data latch 372 is configured to latch
the second data input (DB) 346. The MUX 362 selects the first
datainput (DA) 344 latched within the latch 370 or the second
data input (DB) 346 latched within the latch 372 based upon
the select signal (51) 364 from the wrapper controller 308. In
this way, the data wrapper 318 manages input into the single
port memory device 202 utilizing the MUX 362 and one or
more latches, according to some embodiments. It is appreci-
ated that waveform 800, waveform 1000, and waveform 1200
illustrate data access operations performed utilizing a latch.
In an embodiment of reading data from the single port
memory device 202, the data wrapper 318 is configured to
receive a data output signal (QI) 342 from the data output port
(QO0 334 of the single port memory device 202, as illustrated
in FIG. 3B. The data output signal (QI) 342 is outputted
through a first data output (QA) 348 or a second data output
(QB) 350. In this way, data that is read from the single port
memory device 202 is available through the first data output
(QA) 348 or the second data output (QB) 350, such as during
one or more access operations during a single clock period of
a system clock for the single port memory device 202. In an
embodiment, the data wrapper 318 utilizes a demultiplexer
(DEMUX) 366 and one or more latches, such as latch 374 and
latch 376, for managing the data output 338, as illustrated in
FIG. 3C. The DEMUX 366 receives the data output signal
(QI) 342 from the data output port (Q) 334 of the single port
memory device 202, and provides the data output signal (QI)
342 to the latch 374 or the latch 376 based upon a select signal
(82) 368 from the wrapper controller 308. In this way, the data
output signal (QI) 342 is available as the first data output (QA)
348 or the second data output (QB) 350 during one or more
access operations during a single clock period of the system
clock, according to some embodiments. In an embodiment,
the data wrapper 318 comprises one or more latches, such as
data latch 374 and data latch 376, but does not comprise a
demultiplexer for managing data output 338, as illustrated in
FIG. 3D. The data latch 374 is configured to latch the data
output signal (QI) 342 for access as the first data output (QA)
348 based upon a clock reset and select signal (CLK-RST and
S2) 378. The data latch 376 is configured to latch the data
output signal (QI) 342 for access as the second data output
(QB) 350 based upon the clock reset and select signal (CLK-
RST and S2) 378. In this way, the data wrapper 318 manages
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output from the single port memory device 202 utilizing the
one or more latches during one or more access operations
during a single clock period of the system clock, according to
some embodiments.

FIG. 4 is an illustration of a waveform 400 of a first read
operation 416 and a second read operation 418 performed
during a first clock period 402 of a system clock signal 312.
The system clock signal 312 comprises one or more clock
periods, such as the first clock period 402 and a second clock
period 404, during which multiple access operations to a
single port memory device 202 are facilitated. In an embodi-
ment, a multi-clock generator 310 generates a first internal
clock signal to initiate a first access operation (first read
operation 416) to the single port memory device 202 based
upon detecting a rising edge 420 of the system clock signal
312. An address signal 406 represents a first port address
(AA1) received by a first port 304 of a wrapper address
component 302. The first port address (AA1) is evaluated to
identify a destination bitcell for the first access operation (first
read operation 416). A chip enable signal 408 represents a
first chip enable signal (CEBA) received by the first port 304.
A write enable signal 410 represents a first write enable signal
(WEBA) received by the first port 304. The first chip enable
signal (CEBA) and the first write enable signal (WEBA) are
evaluated to determine that the first access operation (first
read operation 416) is a read operation, as opposed to a write
operation, to the single port memory device 202. A first data
signal 412 represents first data (QA1) that is read from the
single port memory device 202 by the first read operation 416
during the first clock period 402. Accordingly, the first read
operation 416 to the single port memory device 202 is per-
formed during the first clock period 402 based upon the rising
edge 420 of the system clock signal 312.

Inan embodiment, the multi-clock generator 310 generates
a second internal clock signal to initiate a second access
operation (second read operation 418) to the single port
memory device 202 based upon detecting a first operation
complete signal, such as a clock reset signal. The address
signal 406 represents a second port address (AB1) received
by a second port 306 of the wrapper address component 302.
The second port address (AB1) is evaluated to identify a
destination bitcell for the second access operation (second
read operation 418). The chip enable signal 408 represents a
second chip enable signal (CEBB) received by the second
port 304. The write enable signal 410 represents a second
write enable signal (WEBB) received by the second port 306.
The second chip enable signal (CEBB) and the second write
enable signal (WEBB) are evaluated to determine that the
second access operation (second read operation 418) is a read
operation, as opposed to a write operation, to the single port
memory device 202. A second data signal 414 represents
second data (QB1) that is read from the single port memory
device 202 by the second read operation 418 during the first
clock period 402. Accordingly, the second read operation 418
to the single port memory device 202 is performed during the
first clock period 402 based upon the first operation complete
signal.

FIG. 5 is an illustration of a waveform 500 of a first write
operation 518 and a second write operation 520 performed
during a first clock period 502 of a system clock signal 312.
The system clock signal 312 comprises one or more clock
periods, such as the first clock period 502 and a second clock
period 504, during which multiple access operations to a
single port memory device 202 are facilitated. In an embodi-
ment, a multi-clock generator 310 generates a first internal
clock signal to initiate a first access operation (first write
operation 518) to the single port memory device 202 based
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upon detecting a rising edge 520 of the system clock signal
312. An address signal 506 represents a first port address
(AA1) received by a first port 304 of a wrapper address
component 302. The first port address (AA1) is evaluated to
identify a destination bitcell for the first access operation (first
write operation 518). A chip enable signal 508 represents a
first chip enable signal (CEBA) received by the first port 304.
A write enable signal 510 represents a first write enable signal
(WEBA) received by the first port 304. The first chip enable
signal (CEBA) and the first write enable signal (WEBA) are
evaluated to determine that the first access operation (first
write operation 518) is a write operation, as opposed to a read
operation, to the single port memory device 202. A data signal
512 represents first data (DA1) that is to be written to the
single port memory device 202 by the first write operation
518 during the first clock period 502. Accordingly, the first
write operation 518 to the single port memory device 202 is
performed during the first clock period 502 based upon the
rising edge 520 of'the system clock signal 312. A first contain
signal 514 represents the first data (DA1) written to the single
port memory device 202 by the first write operation 518.

In an embodiment, the multi-clock generator 310 generates
a second internal clock signal to initiate a second access
operation (second write operation 520) to the single port
memory device 202 based upon detecting a first operation
complete signal, such as a clock reset signal. The address
signal 506 represents a second port address (AB1) received
by a second port 306 of the wrapper address component 302.
The second port address (AB1) is evaluated to identify a
destination bitcell for the second access operation (second
write operation 520). The chip enable signal 508 represents a
second chip enable signal (CEBB) received by the second
port 304. The write enable signal 510 represents a second
write enable signal (WEBB) received by the second port 306.
The second chip enable signal (CEBB) and the second write
enable signal (WEBB) are evaluated to determine that the
second access operation (second write operation 520) is a
write operation, as opposed to a read operation, to the single
port memory device 202. The data signal 512 represents
second data (DB1) that is to be written to the single port
memory device 202 by the second write operation 520 during
the first clock period 502. Accordingly, the second write
operation 520 to the single port memory device 202 is per-
formed during the first clock period 502 based upon the first
operation complete signal. A second contain signal 516 rep-
resents the second data (DB1) written to the single port
memory device 202 by the second write operation 520.

FIG. 6 is an illustration of a waveform 600 of a first read
operation 626 and a second write operation 628 performed
during a first clock period 602 of a system clock signal 312,
and a first write operation 632 and a second read operation
634 performed during a second clock period 604 of the sys-
tem clock signal 312.

In an embodiment of the first clock period 602, a multi-
clock generator 310 generates a first internal clock signal to
initiate a first access operation (first read operation 626) to a
single port memory device 202 based upon detecting a first
rising edge 624 of the system clock signal 312. An address
signal 606 represents a first port address (AA1) received by a
first port 304 of a wrapper address component 302. The first
port address (AA1) is evaluated to identify a destination bit-
cell for the first access operation (first read operation 626). A
chip enable signal 608 represents a first chip enable signal
(CEBA1) received by the first port 304. The first chip enabled
signal (CEBA1) and a first write enable signal 610 (WEBA)
are evaluated to determine that the first access operation (first
read operation 626) is a read operation, as opposed to a write
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operation, to the single port memory device 202. A first data
signal 614 (QA) represents first data (QA1) that is read from
the single port memory device 202 by the first read operation
626 during the first clock period 602. Accordingly, the first
read operation 626 to the single port memory device 202 is
performed during the first clock period 602 based upon the
first rising edge 624 of the system clock signal 312.

The multi-clock generator 310 generates a second internal
clock signal to initiate a second access operation (second
write operation 628) to the single port memory device 202
based upon detecting a first operation complete signal, such
as a clock reset signal. The address signal 606 represents a
second port address (AB1) received by a second port 306 of
the wrapper address component 302. The second port address
(AB1) is evaluated to identify a destination bitcell for the
second access operation (second write operation 628). The
chip enable signal 608 represents a second chip enable signal
(CEBB1) received by the second port 304. The second chip
enable signal (CEBB1) and a second write enable signal 612
(WEBB) are evaluated to determine that the second access
operation (second write operation 628) is a write operation, as
opposed to a read operation, to the single port memory device
202. A data signal 618 represents second data (DB1) that is to
be written to the single port memory device 202 by the second
write operation 628 during the first clock period 602. Accord-
ingly, the second write operation 628 to the single port
memory device 202 is performed during the first clock period
602 based upon the first operation complete signal. A second
contain signal 622 represents the second data (DB1) written
to the single port memory device 202 by the second write
operation 628. In this way, multiple access operations are
performed during a clock period, such as the first write opera-
tion 632 (e.g., a write operation of data (DA2) represented by
a first contain signal 620) and the second read operation 634
(e.g., a read operation of data (QB2) represented by a second
data signal 616) performed during the second clock period
604 of the system clock signal 312.

According to an aspect of the instant disclosure, a system
for facilitating access operations to a single port memory
device is provided. The system comprises a wrapper control-
ler configured to initiate a first access operation from a first
port of a wrapper address component to a single port memory
device during a first clock period. The wrapper controller is
configured to receive a first operation complete signal from
the single port memory device. Responsive to receiving the
first operation complete signal, the wrapper controller ini-
tiates a second access operation from a second port of the
wrapper address component to the single port memory device
during the first clock period.

According to an aspect of the instant disclosure, a system
for facilitating access operations to a single port memory
device is provided. The system comprises a wrapper address
component. The wrapper address component comprises a
first port configured to transmit a first port input. The wrapper
address component comprises a second port configured to
transmit a second port input. The system comprises a wrapper
controller. The wrapper controller comprises a multi-clock
generator. The multi-clock generator is configured to gener-
ate a first internal clock signal based upon a rising edge of a
system clock signal during a first clock period of the system
clock. The first internal clock signal initiates a first access
operation for the first port input to a single port memory
device during the first clock period. The multi-clock genera-
tor is configured to generate a second internal clock signal
based upon a clock reset signal received from the single port
memory device during the first clock period. The second
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internal clock signal initiates a second access operation for
the second port input to the single port memory device during
the first clock period.

According to an aspect of the instant disclosure, a method
for facilitating access operations to a single port memory
device. Responsive to identifying a rising edge of a system
clock signal during a first clock period of a system clock,
generating a first internal clock signal to initiate a first access
operation to a single port memory device during the first clock
period. Responsive to identifying a first operation complete
signal from the signal port memory device during the first
clock period, generating a second internal clock signal to
initiate a second access operation to the single port memory
device during the first clock period

Although the subject matter has been described in lan-
guage specific to structural features or methodological acts, it
is to be understood that the subject matter of the appended
claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as embodiment forms of imple-
menting at least some of the claims.

Various operations of embodiments are provided herein.
The order in which some or all of the operations are described
should not be construed to imply that these operations are
necessarily order dependent. Alternative ordering will be
appreciated given the benefit of this description. Further, it
will be understood that not all operations are necessarily
present in each embodiment provided herein. Also, it will be
understood that not all operations are necessary in some
embodiments.

It will be appreciated that layers, features, elements, etc.
depicted herein are illustrated with particular dimensions
relative to one another, such as structural dimensions or ori-
entations, for example, for purposes of simplicity and ease of
understanding and that actual dimensions of the same differ
substantially from that illustrated herein, in some embodi-
ments. Additionally, a variety of techniques exist for forming
the layers features, elements, etc. mentioned herein, such as
etching techniques, implanting techniques, doping tech-
niques, spin-on techniques, sputtering techniques such as
magnetron or ion beam sputtering, growth techniques, such as
thermal growth or deposition techniques such as chemical
vapor deposition (CVD), physical vapor deposition (PVD),
plasma enhanced chemical vapor deposition (PECVD), or
atomic layer deposition (ALD), for example.

Further, unless specified otherwise, “first,” “second,” or the
like are not intended to imply a temporal aspect, a spatial
aspect, an ordering, etc. Rather, such terms are merely used as
identifiers, names, etc. for features, elements, items, etc. For
example, a first channel and a second channel generally cor-
respond to channel A and channel B or two different or two
identical channels or the same channel.

Moreover, “exemplary” is used herein to mean serving as
an example, instance, illustration, etc., and not necessarily as
advantageous. As used in this application, “or” is intended to
mean an inclusive “or” rather than an exclusive “or”. In addi-
tion, “a” and “an” as used in this application are generally to
be construed to mean “one or more” unless specified other-
wise or clear from context to be directed to a singular form.
Also, at least one of A and B or the like generally means A or
B orboth A and B. Furthermore, to the extent that “includes”,
“having”, “has”, “with”, or variants thereof are used, such
terms are intended to be inclusive in a manner similar to
“comprising”.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
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skilled in the art based upon a reading and understanding of
this specification and the annexed drawings. The disclosure
includes all such modifications and alterations and is limited
only by the scope of the following claims. In particular regard
to the various functions performed by the above described
components (e.g., elements, resources, etc.), the terms used to
describe such components are intended to correspond, unless
otherwise indicated, to any component which performs the
specified function of the described component (e.g., that is
functionally equivalent), even though not structurally equiva-
lent to the disclosed structure. In addition, while a particular
feature of the disclosure may have been disclosed with
respect to only one of several implementations, such feature
may be combined with one or more other features of the other
implementations as may be desired and advantageous for any
given or particular application.

What is claimed is:

1. A system for facilitating access operations to a single
port memory device, comprising:

a wrapper controller configured to:

initiate a first access operation from a first port of a
wrapper address component to a single port memory
device during a first clock period;

receive a clock reset signal from the single port memory
device, the clock reset signal indicative of a comple-
tion of the first access operation; and

initiate a second access operation from a second port of
the wrapper address component to the single port
memory device during the first clock period respon-
sive to receiving the clock reset signal.

2. The system of claim 1, comprising:

a data wrapper configured to transmit first data associated
with the first access operation and second data associ-
ated with the second access operation during the first
clock period.

3. The system of claim 2, the data wrapper configured to
transmit the first data to the single port memory device with-
out latching the first data.

4. The system of claim 1, the first access operation com-
prising at least one of a first read access operation or a first
write access operation, the second access operation compris-
ing at least one of a second read access operation or a second
write access operation.

5. The system of claim 1, the wrapper controller compris-
ing:

a multi-clock generator configured to:

responsive to identifying a rising edge of a system clock
signal associated with the first clock period, generate
an internal clock signal to initiate the first access
operation.

6. The system of claim 1, the wrapper controller compris-
ing:

a multi-clock generator configured to:

generate an internal clock signal to initiate the second
access operation responsive to receiving the clock
reset signal.

7. The system of claim 1, the wrapper controller configured
to facilitate a plurality of access operations to the single port
memory device during the first clock period, the plurality of
access operations comprising the first access operation, the
second access operation, and a third access operation.

8. The system of claim 1, the wrapper controller configured
to facilitate the first access operation and the second access
operation serially.

9. The system of claim 1, comprising:

the wrapper address component comprising:
the first port configured to transmit a first port input; and
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the second port configured to transmit a second port
input.

10. The system of claim 1, the first port configured to
receive at least one of a first port address, a first chip enable
signal, or a first write enable signal for facilitation of the first
access operation.

11. The system of claim 1, the wrapper controller compris-
ing:

a multi-clock generator configured to:

generate a plurality of internal clock signals during the
first clock period, the plurality of internal clock sig-
nals comprising a first internal clock signal to initiate
the first access operation and a second internal clock
signal to initiate the second access operation.

12. A system for facilitating access operations to a single
port memory device, comprising:

a wrapper address component comprising:

a first port configured to transmit a first port input; and
a second port configured to transmit a second port input;
and

a wrapper controller comprising:

a multi-clock generator configured to:
generate a first internal clock signal based upon a
rising edge of a system clock signal during a first
clock period of a system clock, the first internal
clock signal initiating a first access operation for
the first port input to a single port memory device
during the first clock period; and
generate a second internal clock signal based upon a
clock reset signal received from the single port
memory device during the first clock period, the
second internal clock signal initiating a second
access operation for the second port input to the
single port memory device during the first clock
period.

13. The system of claim 12, comprising:

a data wrapper configured to transmit first data associated
with the first access operation and second data associ-
ated with the second access operation during the first
clock period.

14. The system of claim 12, the single port memory device

comprising a 6 transistor bitcell array.

15. The system of claim 12, the wrapper controller config-
ured to facilitate the first access operation and the second
access operation serially.
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16. A method for facilitating access operations to a single
port memory device, comprising:

responsive to identifying a rising edge of a system clock
signal during a first clock period of a system clock,
generating a first internal clock signal to initiate a first
access operation to a single port memory device during
the first clock period; and

responsive to receiving a first operation complete signal
from the single port memory device during the first clock
period, generating a second internal clock signal to ini-
tiate a second access operation to the single port memory
device during the first clock period.

17. The method of claim 16, comprising:

facilitating the first access operation and the second access
operation serially.

18. The method of claim 16, comprising:

transmitting first data associated with the first access
operation and second data associated with the second
access operation during the first clock period.

19. The method of claim 16, comprising:

evaluating at least one of a first chip enable signal or first
write enable signal of a first port of a wrapper address
component to determine whether to initiate the first
access operation; and

evaluating at least one of a second chip enable signal or a
second write enable signal of a second port of the wrap-
per address component to determine whether to initiate
the second access operation.

20. A system for facilitating access operations to a single

port memory device, comprising:

a wrapper controller comprising:

a multi-clock generator configured to generate a plural-
ity of internal clock signals during a first clock period,
the plurality of internal clock signals comprising:

a first internal clock signal to initiate a first access
operation from a first port of a wrapper address
component to a single port memory device during
the first clock period; and

a second internal clock signal to initiate a second
access operation from a second port of the wrapper
address component to the single port memory
device during the first clock period, the second
internal clock signal generated responsive to
receiving a first operation complete signal from the
single port memory device.

#* #* #* #* #*



